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,QWURGXFWLRQ
0DLQWDLQLQJFRKHUHQFHEHWZHHQIXQFWLRQDOSHUIRUPDQFHSURGXFWLRQDQGRSHUDWLRQDOUHTXLUHPHQWVRIDV\VWHPLV
NH\WREHDEOHWRRSWLPL]HWKHGHVLJQRIODUJHVFDOHV\VWHPV'LIIHUHQWDUFKLWHFWXUDOFRQILJXUDWLRQVHQWDLOVLJQLILFDQW
GLIIHUHQFHVLQIXQFWLRQDOLW\SHUIRUPDQFHHDVHRIPDQXIDFWXULQJDVVHPEO\DQGRSHUDWLRQDOEHKDYLRU:KLOHWKHILUVW
WZR DUH WKHXVXDO FRQFHUQV LQ DUFKLWHFWXUDO WUDGHRII DQDO\VLV WKH ODVW WZR UHIOHFWHGE\PDQXIDFWXUDELOLW\PHWULFV
VXFK DV SURGXFWLRQ FRVW DQG WLPHWRPDUNHW DQG RSHUDWLRQDO PHWULFV VXFK DV OLIH F\FOH FRVW DQG OLIH F\FOH
DYDLODELOLW\DUHRIWHQQHJOHFWHGLQDUFKLWHFWXUDORSWLPL]DWLRQ7KHVHXVXDOO\GULYHWRWDOOLIHF\FOHFRVWDQGQHJOHFWLQJ
WKHPLQWKHHDUO\DUFKLWHFWXUDOGHVLJQSKDVHOHDGVWRFRVWRYHUUXQVDQGVXEVHTXHQWSURMHFWIDLOXUHV7RGDWHLPSRVLQJ
RSHUDWLRQDO FRQVWUDLQWV RI WKLV VRUW RYHU 'HVLJQ 6SDFH ([SORUDWLRQ '6(ZDV RIWHQ JXLGHG E\ VLPSOLVWLF H[SHUW
HVWLPDWLRQV6XFKPDQXDOHVWLPDWHVDUHQRWRQO\KDUGWRPDLQWDLQEXWPRUHFUXFLDOO\PD\OHDGWRHUURQHRXVGHVLJQ
FKRLFHV
,QWKLVZRUNZHSURSRVHDPHWKRGRORJ\IRUGHULYLQJWKHVSHFLILFDWLRQIRUUHXVDEOHRSHUDWLRQDOPHWULFVDSSOLFDEOH
WR GHVLJQ RSWLPL]DWLRQ DQG EDVHG RQ RSHUDWLRQDO OLIH F\FOH SURFHVVHV VXFK DV ³PDQXIDFWXULQJ´ ³VXQQ\ GD\
RSHUDWLRQ´ DQG ³XQSODQQHG PDLQWHQDQFH´ DQG FRQQHFWLQJ WKHP ZLWK KLVWRULFDO GDWD IRU PHWULFV¶ FRPSXWDWLRQ
+RZHYHUXVLQJVXFKKLVWRULFDOGDWDIRU'6(LVVWLOOFXPEHUVRPHVLQFHLWFRUUHVSRQGVWRDVSHFLILFGHVLJQ
WKH GDWD W\SLFDOO\ H[LVW DW WKH DFWLYLW\ OHYHO ZKLOH LW VKRXOG EH FRQQHFWHG WR PHWULFV DW V\VWHP OHYHO DQG 
FRUUHVSRQGLQJV\VWHPSDUDPHWHUVVXFKDVUHVRXUFHV¶FRVWVRUIDLOXUHUDWHVVKRXOGEHDJJUHJDWHGLQDQDSSURSULDWH
OHYHORIDEVWUDFWLRQDFFRUGLQJWRWKHFKRVHQRSWLPL]DWLRQVFRSHDQGDUFKLWHFWXUHGHFLVLRQYDULDEOHV)RUWKLVSXUSRVH
ZHSURSRVHGDWDSURFHVVLQJSDWWHUQVVLPLODUWRWKHGHILQLWLRQRIWKHRSHUDWLRQDOPHWULFV
%DVHGRQDQ LQGXVWULDOXVHFDVHRIDQ8QPDQQHG8QGHUZDWHU9HKLFOH889ZHVXJJHVWDQDSSURDFK WKDW
HQDEOHVEXLOGLQJRIOLEUDULHVRIUHXVDEOHRSHUDWLRQDOPHWULFVEDVHGRQDUFKLWHFWXUDOSDUDPHWHUVGHILQHVUHXVDEOH
GDWDSURFHVVLQJSDWWHUQVWRFDOFXODWHWKHVHDUFKLWHFWXUDOSDUDPHWHUVDQGPDSVFDOFXODWHGDUFKLWHFWXUDOSDUDPHWHUV
WRD VSHFLILFGHVLJQPRGHO7KHSDSHU LVRUJDQL]HG LQ WKH IROORZLQJPDQQHU ,Q6HFWLRQZHGHVFULEH WKH ORJLFDO
DUFKLWHFWXUHDQGOLIHF\FOHSURFHVVHVRIWKH8892XUPHWKRGRORJ\LVEDVHGRQ&RQFLVH0RGHOLQJDQG3OXJJDEOH
$QDO\VLV9LHZSRLQWVDSSURDFKHVWR'6(DQGLVEULHIO\GHVFULEHGLQ6HFWLRQ,Q6HFWLRQWKH889XVHFDVHLV
H[SORUHG OHDGLQJ WR WKH PHWKRGRORJ\ GLVFXVVLRQ LQ 6HFWLRQ  WKDW FRQFOXGHV RXU ILQGLQJV 6HFWLRQ  EULHIO\
VXPPDUL]HVWKHZRUNDQGRXWOLQHVGLUHFWLRQVIRUWKHIXWXUHUHVHDUFK
8QPDQQHG8QGHUZDWHU9HKLFOH889XVHFDVHGHVFULSWLRQ
889¶V KDYH EHHQ HPSOR\HG IRU GHFDGHV WR DFFHVV WKH VXEVHD HQYLURQPHQW DV D VDIHU DQG PRUH HFRQRPLFDO
DOWHUQDWLYH WR PDQQHG YHKLFOHV DQG GLYHUV  7KH RSSRUWXQLWLHV IRU DSSOLFDWLRQ RI 889¶V FRQWLQXH WR H[SDQG DV
DGYDQFHV LQDXWRQRP\DQGHQHUJ\V\VWHPV LQFUHDVH WKH LQWHOOLJHQFHDQGHQGXUDQFHRI889¶V 6WDQGDUGPLVVLRQV
LQFOXGH LQVSHFWLQJ RIIVKRUH LQVWDOODWLRQV VXFK DV RLO ULJV DQGSLSHOLQHV DVZHOO DV FRQGXFWLQJ VHDIORRU VXUYH\V WR
LGHQWLI\DSSURSULDWHVLWHVIRUSODQQHGVXEVHDLQVWDOODWLRQV
/RFNKHHG0DUWLQ¶V0DUOLQ$XWRQRPRXV8QGHUZDWHU9HKLFOHRU$89 LVDQH[DPSOHRIDQRSHUDWLRQDO889
WKDW FDUULHV D ' VRQDU SD\ORDG WR SHUIRUP DFRXVWLF VXUYH\V RI RIIVKRUH SODWIRUPV IRU WKH RLO DQG JDV LQGXVWU\
0DUOLQSURYLGHVWKHFDSDELOLW\WRDXWRQRPRXVO\SHUIRUPSRVWFRQVWUXFWLRQDQGGHFRPPLVVLRQLQJVXUYH\VDVZHOO
DV GDPDJH DVVHVVPHQW DIWHU D KXUULFDQH  )LJ D DQG E EHORZ VKRZ WKH0DUOLQ YHKLFOH DQG DQ H[DPSOH RI
DFRXVWLFVXUYH\LPDJHU\WKDWWKHRQERDUG'VRQDUFDQSURYLGH7KHSURFHVVHVDQGPHWULFVGHVFULEHGLQWKLVSDSHU
FDQEHXVHGWRHYDOXDWHFRVWGULYHUVIRUGHYHORSPHQWDQGRSHUDWLRQRID889OLNHWKH0DUOLQWRDOORZGHYHORSHUV
WRPDNHLQWHOOLJHQWGHVLJQGHFLVLRQVWKDWUHVXOWLQDQRSHUDWLRQDOO\DIIRUGDEOHYHKLFOH
$FRPPRQORJLFDODUFKLWHFWXUHLVGHILQHGIRU889¶VWRLQFOXGHDOORIWKHIXQGDPHQWDOVXEV\VWHPVUHTXLUHGIRU
WKHYHKLFOHWRRSHUDWH)LJDEHORZVKRZVWKHDUFKLWHFWXUHPRGHOZKLFKGHVFULEHVWKHORJLFDOVWUXFWXUHIRUWKHNH\
VXEV\VWHPV RI D889 7KH SD\ORDG LV GHILQHG H[WHUQDO WR WKH YHKLFOH EHFDXVH WKH SD\ORDG LV WKH UHDVRQ IRU WKH
YHKLFOH¶VH[LVWHQFHWKHYHKLFOHDFWVDVD³WUXFN´WRFDUU\WKHSD\ORDGDQGSHUIRUPLWVPLVVLRQ,QDGGLWLRQWRWKH'
VRQDU SD\ORDG WKDW WKH0DUOLQ FDUULHV RWKHU H[DPSOHV RI SD\ORDGV FRXOG EH D VRQDU XVHG WR SHUIRUP D VHDIORRU
VXUYH\RUDQDFRXVWLFPDUNHUWKDWDYHKLFOHPLJKWGHSOR\DWDVHDIORRUVLWHWRPDUNDORFDWLRQ
7KHYHKLFOHORJLFDOVXEV\VWHPVDUHUHTXLUHGWRHQDEOHWKHYHKLFOHWRFDUU\WKHSD\ORDGDQGSHUIRUPLWVPLVVLRQ
6HQVRUVDUHUHTXLUHGIRU WKH889WRVHQVHWKHFKDUDFWHULVWLFVRI WKHHQYLURQPHQW LQZKLFKLW LVRSHUDWLQJVXFKDV
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ZDWHU YHORFLW\ RU WHPSHUDWXUH  )ORWDWLRQ HQDEOHV WKH889 WR EH QHXWUDOO\ EXR\DQW$ FRQWURO V\VWHP DOORZV WKH
889WRPDQHXYHUDQGUHDFW WRHQYLURQPHQWDOGLVWXUEDQFHVVXFKDVZDYHVRUFXUUHQW7KHHQHUJ\V\VWHPVXSSOLHV
SRZHU WR WKHYHKLFOH IRU WKHGXUDWLRQRI LWVPLVVLRQ7KHKXOOSURYLGHV D K\GURG\QDPLF VKDSH WR WKH YHKLFOH DQG
SURWHFWLRQIRULWVLQWHUQDOFRPSRQHQWVDJDLQVWGHEULV7KHSURSXOVLRQV\VWHPHQDEOHVWKHYHKLFOHWRPDLQWDLQIRUZDUG
PRWLRQ6WUXFWXUHSURYLGHVDIUDPHIRUDOOVXEV\VWHPVWREHPRXQWHGDQGVXSSRUWVWKRVHVXEV\VWHPVXQGHUYDULRXV
VWUXFWXUDOORDGVFDXVHGE\WKHYHKLFOH¶VRSHUDWLRQVLQWKHHQYLURQPHQW


)LJXUH±D0DUOLQ$89E$FRXVWLF6XUYH\,PDJHU\




)LJXUH±D889$UFKLWHFWXUHE889OLIHF\FOHSURFHVVHV

2SHUDWLRQDOSURFHVVHVDUHXVXDOO\GHILQHGKLHUDUFKLFDOO\DFFRUGLQJWRWKHUHTXLUHGOHYHORIDEVWUDFWLRQIRUFXUUHQW
DQDO\VLV )LJ E SURYLGHV D KLJKOHYHO GHILQLWLRQ RI OLIHF\FOH RSHUDWLRQV IRU D 889 ZKLFK FRXOG EH IXUWKHU
GHFRPSRVHG DV QHFHVVDU\ WR DFFRXQW IRU RSHUDWLRQDO DQDO\VLV $FFRUGLQJ WR WKLV OLIHF\FOH WKH 889 VWDUWV LQ WKH
'HYHORSPHQW VWDWH ZKLFK LV WKH VWDWH LQ ZKLFK WKH YHKLFOH LV FRQFHSWXDOL]HG DQG GHVLJQHG  ,W WKHQ HQWHUV WKH
0DQXIDFWXULQJDQG$VVHPEO\VWDWH LQZKLFK LW LV IDEULFDWHG WHVWHGDQGDSSURYHGIRUXVH $W WKDWSRLQW LWEHJLQV
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QRUPDO RSHUDWLRQDO VWDWHV LQ ZKLFK LW F\FOHV EHWZHHQ 7UDQVSRUWDWLRQ 6WRUDJH 2SHUDWLRQ DQG 3ODQQHG DQG
8QSODQQHG0DLQWHQDQFH7UDQVSRUWDWLRQGHILQHVWKHVWDWHWKH889LVLQZKLOHLWLVUHORFDWHGEHWZHHQRWKHUVWDWHV
6WRUDJHLVWKHVWDWHLQZKLFKWKHYHKLFOHUHPDLQVZKLOHLWLVQRWLQXVHRUEHLQJPDLQWDLQHG2SHUDWLRQGHVFULEHVWKH
VWDWHLQZKLFKWKHYHKLFOHLVSHUIRUPLQJLWVLQWHQGHGVXEVHDPLVVLRQ,IDIDLOXUHRFFXUVGXULQJ2SHUDWLRQWKHQWKH
YHKLFOHPD\HQWHUWKH8QSODQQHG0DLQWHQDQFHVWDWHWKDWLWFDQEHUHSDLUHG:KHQWKHYHKLFOHLVQRORQJHUWREHXVHG
LWZLOOHQWHUWKH'LVSRVDOVWDWHDQGLVUHPRYHGIURPVHUYLFH
%DFNJURXQG&RQFLVH0RGHOLQJDQG3OXJJDEOH$QDO\VLV9LHZSRLQWV
7KHSURSRVHGPHWKRGRORJ\LVEDVHGRQWZRSUHOLPLQDU\ZRUNV7KHILUVWLVWKHConcise ModelingH[WHQVLRQRI
6\V0/ WRVSHFLI\DUFKLWHFWXUDODOWHUQDWLYHVDQGV\VWHPFRQVWUDLQWV &RQFLVHPRGHOLQJFRPELQHVUHJXODU6\V0/
GLDJUDPVGHILQLQJDUFKLWHFWXUDOWRSRORJ\HJFRPSRQHQWVPXOWLSOLFLW\DQGFRQQHFWLRQVUXOHVZLWKDVVRFLDWHGGDWD
WDEOHV FDOOHGcatalogs IRU EORFNV VXEFODVVHV DQG inventories IRU SDUWVPXOWLSOLFLWLHV'6(XVLQJ FRQFLVHPRGHOLQJ
DVVXPHV WKDW DOO SDUWV DUH a-priori RSWLRQDO DQG GLYLGHV DOO DWWULEXWHV LQWR HLWKHUparameters GHWHUPLQHG E\ GDWD
WDEOHVRU6\V0/PRGHOYDOXHVRUvariablesRSWLPL]HGGXULQJ'6(6\V0/EORFNVOLNHWKRVHLOOXVWUDWHGLQ)LJD
FDQEHH[WHQGHGWRKDYHFDWDORJVRIDOWHUQDWLYHYDOXHV)RUH[DPSOHZKHQRXWOLQHGE\catalogVWHUHRW\SHWKHHQHUJ\
EORFN VKRZQ DERYH KDV DQ DVVRFLDWHG FDWDORJ WDEOH OLVWLQJ VHYHUDO HQHUJ\ RSWLRQV DQG WKHLU UHOHYDQW SDUDPHWHUV
HQHUJ\ GHQVLW\ FDSLWDO FRVW SHU N:K IDEULFDWLRQ WLPH HWF  7KHVH RSWLRQV FRXOG LQFOXGH EDWWHULHV RI YDULRXV
FKHPLVWULHVIXHOFHOOVZLWKYDULRXVK\GURJHQDQGR[\JHQVRXUFHVRUHYHQDGLHVHOHQJLQHZLWKGLHVHOIXHODQGDQDLU
VRXUFH$OODUHSRVVLEOHVHOHFWLRQVIRUD889HQHUJ\V\VWHP
7KH RSWLPL]DWLRQ SURFHVV LV UHVSRQVLEOH IRU ILQGLQJ FRQFUHWH DUFKLWHFWXUH DOWHUQDWLYHV ZKLFK FRQIRUP WR WKH
WRSRORJ\GULYHQDOVRE\DSUHGHILQHGVHWRIV\VWHPRUVXEV\VWHPDWWULEXWHVFDOOHGdesign objectives DQGFRQVWUDLQWV
JURXSHGE\GLIIHUHQWW\SHVRIDQDO\VLVFDOOHGanalysis viewpoints$QDO\VLVYLHZSRLQWVKHOSFDOFXODWHWKHV\VWHP¶V
YDULDEOHVRUGHILQH WKHLU IHDVLEOH UHJLRQ IRU DUFKLWHFWXUDORSWLPL]DWLRQ FRQVLGHULQJ FRQFHUQV VXFK DV FRVWZHLJKW
UHOLDELOLW\WLPLQJUHVRXUFHDOORFDWLRQDQGSRZHUDQGGDWDGLVWULEXWLRQ)RULQVWDQFHLQWKHFDVHRIWKH889HQHUJ\
V\VWHPWKHSUHIHUUHGHQHUJ\RSWLRQGHSHQGVRQWKHIXQFWLRQDOUHTXLUHPHQWWRPLQLPL]HWKHYHKLFOH
VZHLJKWZKLOH
PD[LPL]LQJLWVHQGXUDQFH
7KHVHFRQGSUHOLPLQDU\ZRUNGHILQHVWKHFRQFHSWRIPluggable Analysis ViewpointsGHPRQVWUDWLQJLWVDELOLW\WR
VSHFLI\ GHVLJQ REMHFWLYHV DV D OLEUDU\ RI UHXVDEOH DVVHWV 7KH SOXJJDEOH YLHZSRLQWV DUH EDVHG RQ WKH FRQFHSW RI
Classification-by-Property ZKHUH WKH FRPSXWDWLRQDO VHPDQWLFV IRU WKH VHWV DSSHDULQJ LQ WKH YDULRXV DQDO\VLV
IRUPXODHLVVSHFLILHGDFFRUGLQJWRGLIIHUHQWSURSHUWLHVRIWKHGRPDLQHOHPHQWV$GHVLJQDWHG$3,KDVEHHQDGRSWHG
IURP WRHQDEOHVXFKSURSHUW\EDVHGELQGLQJ0DVLQHWDO GHPRQVWUDWHV WKDWDSSO\LQJFODVVLILFDWLRQE\SURSHUW\
SULQFLSOHV FUHDWHV UREXVW DQDO\VLV OLEUDULHV WKDW UHPDLQ UHVLOLHQW WR V\VWHP HYROXWLRQ GXULQJ SURGXFW GHVLJQ DQG
HQDEOHV/HJRW\SHLQWHURSHUDELOLW\EHWZHHQGLIIHUHQWV\VWHPDQDO\VHV,QWKLVDSSURDFKHYHU\GRPDLQGHILQHVDVHW
RISURSHUWLHVXVHGIRUV\VWHPDQDO\VLVVXFKDVFRPSRQHQW¶V failure probability IRUUHOLDELOLW\DQDO\VLV2QHRI WKH
FRUH$3,RSHUDWRUVLV6FRSHAZKLFKLVLQWHUSUHWHGDVDOOGRPDLQHOHPHQWVWKDWSRVVHVVWKHVHWRIDWWULEXWHVJLYHQ
E\WKHDUJXPHQWA)RUH[DPSOHLQRUGHUWRFDOFXODWHWKHtotalCostRIWKH889GHVFULEHGLQ)LJDRQHPD\VXP
WKHFRVWRIDOO889HOHPHQWVWKDWIHDWXUHDµFRVW¶DWWULEXWHDQGDUHFRQWDLQHGZLWKLQWKH³YHKLFOH´EORFN
,Q WKLVZRUNZHVKRZKRZWKHVDPHPRGHOLQJDSSURDFKPD\EHHQKDQFHGWRSDUWLFXODUO\ WDNHLQWRDFFRXQW WKH
operational objectivesGHSLFWHGIURPRSHUDWLRQDOPRGHOVVXFKDV)LJEHYDOXDWHDUFKLWHFWXUDOSDUDPHWHUVXVLQJ
RSHUDWLRQDORUVLPXODWHGGDWDDQGFRPELQHDOOLQRQHLQWHJUDWHG6\V0/PRGHO
8892SHUDWLRQDO0HWULFV
4.1. Process based metrics  
,QRXUH[DPSOHWKH6\VWHPV(QJLQHHULVLQWHUHVWHGLQWKHDIIRUGDELOLW\RIDQXQPDQQHGXQGHUZDWHUYHKLFOHZKLFK
FDQEHFKDUDFWHUL]HGE\WZRREMHFWLYHVPLQLPL]LQJWRWDOOLIHF\FOHFRVWDQGPD[LPL]LQJDYDLODELOLW\7KHIROORZLQJ
HTXDWLRQ GHPRQVWUDWHV KRZ WRWDO/LIH&\FOH&RVW /&& FDQEH FRPSXWHG DV D VLPSOH VXPRYHU WKH1HW 3UHVHQW
9DOXHRIFRVWVRIDOOOLIHF\FOHSURFHVVHV
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

 ܮ݂݅݁ܥݕ݈ܿ݁ܥ݋ݏݐሾݏሿ ൌ ܦ݁ݒ݈݁݋݌݉݁݊ݐܥ݋ݏݐሾݏሿ ൅ ܯܽ݊ݑ݂ܽܿݐݑݎ݅݊݃ܣ݊݀ܣݏݏܾ݈݁݉ݕܥ݋ݏݐሾݏሿ ൅ ܶݎܽ݊ݏ݌݋ݎݐܽݐ݅݋݊ܥ݋ݏݐሾݏሿ ൅
ܵݐ݋ݎܽ݃݁ܥ݋ݏݐሾݏሿ ൅ ܱ݌݁ݎܽݐ݅݋݊ܥ݋ݏݐሾݏሿ ൅ ݈ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܥ݋ݏݐሾݏሿ ൅ ܷ݈݊ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܥ݋ݏݐሾݏሿ ൅
ܦ݅ݏ݌݋ݏ݈ܽܥ݋ݏݐሾݏሿ 
׊ݏ א ࡿࢉ࢕࢖ࢋሺܮܥܥǡ ܦ݁ݒ݈݁݋݌݉݁݊ݐܥ݋ݏݐǡܯܽ݊ݑ݂ܽܿݐݑݎ݅݊݃ܣ݊݀ܣݏݏܾ݈݁݉ݕܥ݋ݏݐǡ ܶݎܽ݊ݏ݌݋ݎݐܽݐ݅݋݊ܥ݋ݏݐǡ   
ܵݐ݋ݎܽ݃݁ܥ݋ݏݐǡ ܱ݌݁ݎܽݐ݅݋݊ܥ݋ݏݐǡ ݈ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܥ݋ݏݐǡ ܷ݈݊ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܥ݋ݏݐǡ ܦ݅ݏ݌݋ݏ݈ܽܥ݋ݏݐሻ  

)LJDVXJJHVWVD3DUDPHWULF'LDJUDPIRUFDOFXODWLQJLifeCycleCost6LPLODUO\DYDLODELOLW\FDQEHFRPSXWHG
DVWKHSHUFHQWDJHRIRSHUDWLRQDOWLPHWKDWWKHV\VWHPLVLQDSKDVHWREHFDSDEOHRIH[HFXWLQJDPLVVLRQ
ሺʹሻ ܶ݋ݐ݈ܽܣݒ݈ܾ݈ܽ݅ܽ݅݅ݐݕሾݏሿ ൌ
 ை௣௘௥௔௧௜௢௡்௜௠௘ሾ௦ሿାௌ௧௢௥௔௚௘்௜௠௘ሾ௦ሿ
ை௣௘௥௔௧௜௢௡்௜௠௘ሾ௦ሿାௌ௧௢௥௔௚௘்௜௠௘ሾ௦ሿା்௥௔௡௦௣௢௥௧௔௧௜௢௡்௜௠௘ሾ௦ሿା௉௟௔௡௡௘ௗெ௔௜௡௧௘௡௔௡௖௘்௜௠௘ሾ௦ሿା௎௡௉௟௔௡௡௘ௗெ௔௜௡௧௘௡௔௡௖௘்௜௠௘ሾ௦ሿ

׊ݏ א ܵܿ݋݌݁ሺܶ݋ݐ݈ܽܣݒ݈ܾ݈ܽ݅ܽ݅݅ݐݕǡ ܱ݌݁ݎܽݐ݅݋݊ܶ݅݉݁ǡ ܵݐ݋ݎܽ݃݁ܶ݅݉݁ǡ ܶݎܽ݊ݏ݌݋ݎݐܽݐ݅݋݊ܶ݅݉݁ǡ
݈ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܶ݅݉݁ǡ ܷ݈݊ܲܽ݊݊݁݀ܯܽ݅݊ݐ݁݊ܽ݊ܿ݁ܶ݅݉݁ሻ

7KLV HQDEOHV PDLQWDLQLQJ WKH VSHFLILFDWLRQ RI RSHUDWLRQDO REMHFWLYHV LQGHSHQGHQW RI WKH RSHUDWLRQDO PRGHOV
VSHFLILFDWLRQV ,Q WKLV GLVFXVVLRQ ZH OHDYH RXW RI VFRSH GHWDLOHG GHVFULSWLRQ RI WKHVH VHPDQWLF PDSSLQJV WKH
LQWHUHVWHG UHDGHU FDQ UHIHU WR DUWLFOH  7KH QH[W VWHS LV WR DVVLJQ FRQFUHWH PHWULFV WR HDFK RI WKH RSHUDWLRQDO
PHDVXUHV7KHVHPHWULFVDUHFRPLQJIURPDUFKLWHFWXUDOPRGHODWWULEXWHV



)LJXUH±D3URFHVVEDVHG/&&E$UFKLWHFWXUHEDVHGPDQXIDFWXULQJDQGDVVHPEO\FRVW
4.2. Architecture based metrics 
7KHQH[WPHWKRGRORJLFDOVWHSLVVSHFLI\LQJDPHWULFIRUHDFKRIWKHPHDVXUHVDVVRFLDWHGZLWKVRPHDFWLYLW\LQWKH
RSHUDWLRQDOPRGHO8VLQJPHWKRGRORJ\HDFKPHWULFLVGHILQHGE\LWVUHVSHFWLYHRQWRORJLFDOFRQFHSWV±DWWULEXWHV
)RUH[DPSOHWKHManufacturingAndAssemblyCostPD\EHVSHFLILHGDVIROORZV
 ܯܽ݊ݑ݂ܽܿݐݑݎ݅݊݃ܣ݊݀ܣݏݏܾ݈݁݉ݕܥ݋ݏݐሾݏ݈݂݁ሿ ൌ
σ ܯܽݐ݁ݎ݈݅ܽܥ݋ݏݐሾݏሿ௦אࡿࢉ࢕࢖ࢋሺெ௔௧௘௥௜௔௟஼௢௦௧ǡ௜௦஼௢௡௧௔௜௡௘ௗሾ௦௘௟௙ሿሻ ൅
σ ܨܾܽݎ݅ܿܽݐ݅݋ܴ݊ܽݐ݁ሾݏሿ ή ܨܾܽݎ݅ܿܽݐ݅݋݊ܶ݅݉݁ሾݏሿ௦אࡿࢉ࢕࢖ࢋሺி௔௕௥௜௖௔௧௜௢௡ோ௔௧௘ǡி௔௕௥௜௖௔௧௜௢௡்௜௠௘ǡ௜௦஼௢௡௧௔௜௡௘ௗሾ௦௘௟௙ሿሻ ൅
ܣݏݏܾ݈݁݉ݕܴܽݐ݁ሾݏ݈݂݁ሿ ή ܣݏݏܾ݈݁݉ݕܶ݅݉݁ሾݏ݈݂݁ሿ
׊ݏ݈݂݁ א ܵܿ݋݌݁ሺܯܽ݊ݑ݂ܽܿݐݑݎ݅݊݃ܣ݊݀ܣݏݏܾ݈݁݉ݕܥ݋ݏݐǡ ܣݏݏܾ݈݁݉ݕܴܽݐ݁ǡ ܣݏݏܾ݈݁݉ݕܶ݅݉݁ሻ

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$VVKRZQLQ)LJEXVLQJ3DUDPHWULF'LDJUDPQRWDWLRQWKLVPHWULFGHSHQGVRQILYHDWWULEXWHW\SHV7KUHHDUH
DWWULEXWHV RI HDFK RI WKH FRQWDLQHG VXEV\VWHPV PDWHULDO FRVW PDQXIDFWXULQJ UDWH DQG PDQXIDFWXULQJ WLPH 7KH
UHPDLQLQJ WZR DUH DWWULEXWHV RI WKH V\VWHP LWVHOI DVVHPEO\ UDWH DQG DVVHPEO\ WLPH 7KH EORFN HOHPHQWV DUH
FODVVLILFDWLRQE\SURSHUW\EORFNVH[SUHVVHGE\WKHscopeVWHUHRW\SH WKDWGHILQHVHWVRIDOOHOHPHQWV WKDWKDYHWKH
VSHFLILHGDWWULEXWHV7KHPHWULFVDUHFRPSOHWHO\GHWDFKHGIURPWKHVSHFLILFGHVLJQPRGHODQGFDQEHIUHHO\UHXVHG
2QWKHRWKHUKDQGZKHQWKHVHSDUDPHWULFGLDJUDPVDUHDGGHGWRDVSHFLILFPRGHOWKHEORFNVFRXOGEHXVHGWRDGG
SURSHUWLHV WR WKHXQGHUO\LQJ6\V0/PRGHO )RU H[DPSOH LI WKH9HKLFOH EORFN IURP)LJE LV JHQHUDOL]HG IURP
ProductionCostableElement WKHQ WKH9HKLFOH EORFN LQKHULWVManufacturingAndAssemblyCostAssemblyTime DQG
AssemblyRateDWWULEXWHV
4.3. Evaluation of architectural parameters and connection to the UUV model 
0HWULF¶VRQWRORJ\GHILQHVWKHV\VWHPDWWULEXWHVXVHGIRULWVFDOFXODWLRQ:KHQSRVVLEOHWKHVHDWWULEXWHVVKRXOGEH
HYDOXDWHG EDVHG RQ KLVWRULFDO GDWD RU VLPXODWLRQV ,Q WKLV VHFWLRQ ZH VKRZ KRZ XVLQJ DQ DSSURDFK VLPLODU WR
SOXJJDEOH DQDO\VLV YLHZSRLQWVZHFDQGHILQH UHXVDEOHGDWD SURFHVVLQJSDWWHUQV/HW XV FRQVLGHU HYDOXDWLRQRI WKH
FabricationTimeUHTXLUHGIRUFDOFXODWLRQRIManufacturingAndAssemblyCost)LJDVKRZVKRZDQLQWHUPHGLDWH
YDOXHRIPartFabricationTimeLVFDOFXODWHGEDVHGRQRSHUDWLRQDOGDWDDQGWKHQDJJUHJDWHGIRUHDFKVXEV\VWHP7KH
newVWHUHRW\SHLVXVHGZKHQQHZTXHULHVRUDWWULEXWHVDUHGHILQHGWKDWVKRXOGnotEHSDUWRI6FRSHLQWKHGHILQLWLRQ
RIWKHVHWRIHOHPHQWVaggregateByValueVWHUHRW\SHLVXVHGIRUDJJUHJDWLQJWUDQVDFWLRQVDFFRUGLQJWRWKHDWWULEXWH
YDOXH,QWKLVH[DPSOHLWLVXVHGWRVXPPDUL]HWKHFabricationTimeSHUSDUWDQGWKHQVHSDUDWHLWSHUVXEV\VWHP
7KHJHQHULFPHWULFDQGHYDOXDWHGSDUDPHWHUVVKRXOGEHFRQQHFWHGWRWKHVSHFLILFDUFKLWHFWXUDOPRGHO889LQRXU
FDVH,Q)LJEZHVKRZVWHSVGHQRWHGE\QXPEHUVRQDUURZVKRZ&RQFLVH0RGHOLQJFDWDORJ WDEOHVRI889
VXEV\VWHPV FRXOG EH ILOOHG E\ WKH H[WHUQDO WDEOH RI 889 SURGXFWLRQ GDWD  7KH\ VKRXOG EH V\QFKURQL]HG XVLQJ
V\VWHPDQGVXEV\VWHP,'¶VRUPDSSHGEHWZHHQWKHPHWULF¶VDQGPRGHO¶VRQWRORJLHV$GGLQJUHOHYDQWDWWULEXWHVWR
889PRGHOEORFNV LV HQDEOHGE\DGGLQJDJJUHJDWLRQ UHODWLRQVEHWZHHQHDFKRI WKH889EORFNVDQG WKHPHWULFV
EORFNV ,Q )LJ  E ZH LOOXVWUDWH WKH DJJUHJDWLRQ UHODWLRQV EHWZHHQ WKH 889 EORFNV DQG WKH
ProductionCostableElementEORFNHQDEOLQJWKH889EORFNVWRLQKHULWWKHFabricationTimeDWWULEXWH
4.4. Additional considerations 
:KHQRSHUDWLRQDOGDWDGRHVQRWH[LVWIRUDOOSRWHQWLDOV\VWHPDUFKLWHFWXUHVRULWLVLPSRVVLEOHWRUXQVLPXODWLRQV
IRUDOOSRWHQWLDODUFKLWHFWXUHVDVWDWLVWLFDOPRGHOVKRXOGEHEXLOWWRHYDOXDWHV\VWHPPHWULFV)RUH[DPSOHDUHVSRQVH
IURQWLHUFRXOGEHEXLOW IRU WKH OHJDF\V\VWHPVLPXODWLRQ WRHVWLPDWHRSHUDWLRQDOFRVWIRUDOOSRWHQWLDODUFKLWHFWXUHV
6WDWLVWLFDOPRGHOV EHFRPH HVSHFLDOO\ FULWLFDO IRU H[SORULQJ ODUJH GHVLJQ VSDFHV:KHQ D VWDWLVWLFDOPRGHO LV XVHG
LQVWHDGRIUHJXODUPHWULFGHILQHGLQ6HFWLRQLWVKRXOGEHEURXJKWWRWKHV\VWHPPRGHOLQFOXGLQJVSHFLILFDWLRQRI
LWVSDUDPHWHUV7KHSDUDPHWHUVFRXOGEHLPSRUWHGWRWKH6\V0/PRGHOXVLQJWKHH[WHUQDOGDWDDSSURDFKRI6HFWLRQ
 $GGLWLRQDO FRQVWUDLQWV VKRXOG EH DGGHG IRU PHDQLQJIXO GHVLJQ VROXWLRQV HJ WR DFFRXQW IRU LQFRPSDWLEOH
FRPELQDWLRQRIGHFLVLRQYDULDEOHVRIWKHVWDWLVWLFDOPRGHO6WDWLVWLFDOPRGHOVVKRXOGXVXDOO\EHXVHGIRUSDUDPHWHUV
HYDOXDWLRQLQVWHDGRIWKHGLUHFWSURFHGXUHVKRZQLV6HFWLRQLQWKLVFDVHGDWDSURFHVVLQJSDWWHUQVEULQJGDWDWR
WKHVWDWLVWLFDOPRGHOXVLQJWKHVDPHDSSURDFKLQVWHDGRIEULQJLQJWKHGDWDGLUHFWO\WRWKH6\V0/PRGHO

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





)LJXUH±D(YDOXDWLRQRIFabricationTimeE'DWDLQWHJUDWLRQIORZ

0HWULFGHILQLWLRQRI6HFWLRQUHTXLUHVDOOFRVWDQGDYDLODELOLW\IRUPXODFRPSRQHQWVWREHGHILQHGZKLFKFRXOG
EHDFRUSRUDWHSROLF\IRUFDOFXODWLRQRIDIIRUGDELOLW\,IDOOFRVWFRPSRQHQWVDUHRSWLRQDOWKHQWKHHTXDWLRQVVKRXOG
EHFKDQJHGDFFRUGLQJO\XVLQJVXPRYHU6FRSHRIHDFKRSWLRQDODWWULEXWH:KHQH[LVWLQJPHWKRGRORJLHVDQGVRIWZDUH
IRU /LIH &\FOH &RVW $FFRXQWLQJ /&&$  HJ UHTXLUHG E\ 'R' DQG 'R( DV ZHOO DV &R&R0R  &R6\V0R 
&R4XDO0R  FRVW PRGHOV DUH DYDLODEOH WKH\ FRXOG EH GLUHFWO\ LQFRUSRUDWHG IRU GHILQLWLRQ RI PHWULFV DQG
HYDOXDWLRQRIUHOHYDQWSDUDPHWHUV
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&RQFOXGHG0HWKRGRORJ\
)ROORZLQJWKHPHWKRGRORJLFDOOHVVRQOHDUQHGE\WKHDXWKRUVLQWKHFRXUVHRIPRGHOLQJDQGGHVLJQRSWLPL]DWLRQRI
WKHLOOXVWUDWHG889V\VWHPZHJHQHUDOL]HLWIRUWKHFRPPRQFDVHRIDFRPSOH[V\VWHPGHVLJQ7KHIROORZLQJVWHSV
KDYHEHHQLGHQWLILHG
 3UHSDUHOLEUDULHVRIRSHUDWLRQDOPHWULFVDQGOLIHF\FOHSURFHVVPRGHOV
 $SSO\DOODSSURSULDWHRSHUDWLRQDOPHWULFVIURPOLEUDULHV&RPSOHWHDGGLWLRQDOPHWULFVXVLQJ OLEUDULHVRI OLIH
F\FOHSURFHVVHVFRQVLGHUDGGLQJWKHPWRWKHOLEUDU\XVLQJVWDWLVWLFDOPRGHOVIRUODUJHWUDGHVSDFHV
 %XLOG GDWD SURFHVVLQJ SDWWHUQV IRU HYDOXDWLRQ RI DOO V\VWHP SDUDPHWHUV XVHG LQ WKH SUHYLRXV VWHS 8VH
VWDWLVWLFDOPRGHOVZKHQQHHGHG
 %XLOGDV\VWHPPRGHOIRUWKHDUFKLWHFWXUDOGHVLJQEULQJLQJUHOHYDQWRSHUDWLRQDOPHWULFVDQGPDSSLQJH[WHUQDO
GDWDVRXUFHVWRWKHSRWHQWLDODUFKLWHFWXUDOHOHPHQWVFDWDORJV
 &RPELQHRSHUDWLRQDOPHWULFVZLWKRWKHUV\VWHPPHWULFVDQGUHTXLUHPHQWVWRILQGWKHRSWLPDOVROXWLRQV
 &KHFNWKHVROXWLRQV6WRSLIVDWLVILHG2WKHUZLVHXSGDWHWKHVWDWLVWLFDOPRGHODQGRWKHUV\VWHPPHWULFVDQG
UHTXLUHPHQWVDQGUHWXUQWR6WHS
6XPPDU\
,QWKLVSDSHUZHH[WHQGHGRXUSUHYLRXVZRUNRQDUFKLWHFWXUDO'6(XVLQJFRQFLVHPRGHOLQJDQGSOXJJDEOHDQDO\VLV
YLHZSRLQWVWRLQFRUSRUDWHRSHUDWLRQDOPHWULFV7KHZRUNKDVEHHQGRQHLQWKHFRQWH[WRIDQ8QPDQQHG8QGHUZDWHU
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